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A PROPOSED BILL TO LICENSE CLOSED-LOOP GEOTHERMAL SYSTEM 
VERTICAL BOREHOLE WELL DRILLERS 
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200 Fair Oaks Lane 
Frankfort, KY 40601 
502-564-3410 
davida.jackson@ky.gov; scotty.robertson@ky.gov 
 
Geothermal (or ground-source) heat pumps use the constant temperature beneath the sur-
face of the earth to produce a highly efficient, renewable energy source for space heating 
and cooling. The two types of geothermal systems are closed loop and open loop.  
Closed-loop systems do not use groundwater at all, but employ piping containing an anti-
freeze type liquid which is installed in vertical boreholes, horizontal trenches or surface 
water bodies to transfer heat.  Open-loop systems use groundwater as the heat transfer 
medium, and are currently regulated under KRS 223.400-460, which covers certification 
of water well and monitoring well drillers. Closed-loop geothermal systems, however, are 
not currently regulated.   
 
Most closed-loop systems often involve drilling vertical boreholes which can penetrate 
aquifers and therefore provide potential contaminant pathways into groundwater.  For this 
reason, the Kentucky Groundwater Association, in conjunction with the Kentucky Water 
Well Certification Board, have been advocating for a revision to KRS 223 that will re-
quire closed-loop vertical borehole drillers to be certified under the same program as 
monitoring well and water well drillers.  
 
The goals of this proposed amendment are: (1) the protection of groundwater resources; 
(2) the development of minimum standards for design, construction and proper abandon-
ment of closed-loop vertical borehole systems; (3) better education of drillers involved in 
geothermal work; and (4) to assist in locating and tracking geothermal installations which 
use vertical boreholes that penetrate aquifers. 
 
Without oversight of the closed-loop geothermal systems installed in Kentucky, little is 
known about the location, geologic setting, and impact on groundwater of the thousands 
of vertical borehole geothermal wells that have been drilled in the state. If the current 
well driller certification legislation is amended, construction and installation standards 
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will be promulgated and closed-loop vertical borehole driller training required that will 
help prevent contamination of groundwater resources.   
 
This proposed legislation has been submitted in three of the last four legislative sessions. 
The bill has been well received in the House, but has failed to gain approval in the Sen-
ate. If the proposed bill is successful in a future legislative session, the Secretary of the 
Energy and Environment Cabinet and the Legislative Research Commission will be 
charged with developing administrative regulations to implement the certification pro-
gram.  This presentation will summarize the background, goals, and potential effects of 
the proposed bill to license closed-loop vertical borehole drillers in Kentucky. 
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USING OIL AND GAS DATA TO ASSESS THE DISTRIBUTION OF FRESH AND 
SALINE WATER IN NORTHEASTERN KENTUCKY 
 
Ethan Davis, Thomas M. Parris, and Jerrad Grider 
University of Kentucky, Kentucky Geological Survey,  
504 Rose Street, 228 MMRB, Lexington, Kentucky 40506 
859-323-0527;  esdavi2@g.uky.edu 
 
The unconventional Berea oil and gas play in northeastern Kentucky has been 
developed through hydraulic fracturing and horizontal drilling at shallow depths, 
sometimes within 1,500 feet of the surface. Such shallow depths call for exceptional 
diligence regarding well-casing integrity and depth of casing to protect groundwater 
quality. The “Fresh-Saline Water Interface Map of Kentucky” by H.T. Hopkins published 
in 1966 remains an important guidance document for well operators and the Kentucky 
Division of Oil and Gas when making decisions concerning surface casing depth. 
Hopkins used domestic water wells to create the map, in which the total depth of the 
wells equaled the base of fresh groundwater (total dissolved solids equal less than 1,000 
ppm) or the fresh-saline water interface. However, it is likely that most of the water wells 
did not penetrate the base of the deepest fresh water or encounter the shallowest saline 
water. As a result, the Hopkins map underestimates the depth of the fresh-saline water 
interface. 
 
Further insight into the depth of the fresh-saline water interface might be provided by oil 
and gas completion reports, in which depths of fresh and salt water are often recorded. 
Drilled deeper than domestic water wells, oil and gas wells have the potential to provide a 
more accurate view of fresh and saline water in the subsurface. The accuracy, and hence 
utility, of water depths from oil and gas records could be limited, however, because 
methods used to discriminate fresh versus salt water are variably subjective. 
  
Topography exerts a strong influence on groundwater depth. Higher surface elevations 
tend to result in fresh water at higher elevation; the converse is true for lower surface 
elevations. The relationship was used to examine the accuracy of fresh water depths 
documented in oil and gas records. Correlation coefficients between surface elevation and 
the deepest documented fresh water in Greenup, Lawrence, Johnson, Elliott, Boyd, 
Carter, and Martin Counties ranged from 0.38 to 0.62, with an average of 0.49. When the 
same data were examined using watershed boundaries (i.e., hydrologic unit codes, 
HUCs), the correlation coefficients equaled 0.30 and 0.33 for the Big Sandy and the 
Little Sandy HUCs, respectively. 
 
Going forward, regression analysis will be used to determine if surface elevation and 
location can accurately predict the elevation of deepest observed fresh water. The 
resulting equations could produce more accurate estimates of the fresh-saline 
groundwater interface. The correlation coefficients show, however, variation in the 
depths of fresh water, and estimates will therefore need to quantify the variation, be it 
from human error, geologically discontinuous aquifers, or both. 
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A PILOT STUDY TO ASSESS BASELINE GROUNDWATER CHEMISTRY FOR 
THE BEREA SANDSTONE AND ROGERSVILLE SHALE PLAY AREA,  
EASTERN KENTUCKY 
 
 
Junfeng Zhu, Bart Davidson, Steven E. Webb 
Charles J. Taylor, Thomas M. Parris, David C. Harris 
Kentucky Geological Survey 
University of Kentucky 
Junfeng.zhu@uky.edu 
 
Ann P. Smith, and Stephen D. Richardson 
GSI Environmental Inc.  
9600 Great Hills Trail, Suite 350E  
Austin, TX 78759  
apsmith@gsi-net.com 
 
The rapid implementation of horizontal drilling and hydraulic fracturing technology 
in producing oil and gas from tight rock formations across the country has increased 
public concerns about possible impacts on t he environment, especially on shallow 
drinking water aquifers. In eastern Kentucky, horizontal drilling and fracturing 
activities in the Upper Devonian Berea Sandstone have increased in recent years. 
While production activities in the Berea Sandstone are at a relatively small scale, 
public attention has been drawn to the Rogersville Shale, a deeper, thicker, and more 
extensive organic-rich shale projected to become a major shale play in eastern 
Kentucky. Information about existing groundwater quality in the Berea Sandstone 
and the Rogersville Shale areas is critical to help state and federal water resources 
managers address the public’s environmental concerns and maintain health and 
environmental safeguards. 
This presentation provides an overview of a federally funded project being conducted 
by the Kentucky Geological Survey in collaboration with GSI Environmental Inc. to 
collect and analyze groundwater samples from existing domestic and public water-
supply wells located in Greenup, Carter, Boyd, Lawrence, Johnson, and Martin 
Counties. Between 30 a nd 50 water wells will be sampled and analyzed for major 
cations and ions, metals, dissolved gases including methane, and carbon isotopes.  
The project objectives are to obtain a preliminary understanding of groundwater 
chemistry and its spatial variability throughout the study area and to use isotope data 
to evaluate possible sources of methane detected in the groundwater. Results from 
this study can be used as a reference to infer potential impacts of future horizontal 
drilling and hydraulic fracturing on groundwater quality.  
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INVESTIGATION OF LIMESTONE AQUIFER CHARACTERISTICS 
IN THE ELIZABETHTOWN, KENTUCY AREA 
 
Charles Taylor, Junfeng Zhu, and Steve Webb 
Kentucky Geological Survey, Water Resources Section 
228 Mining and Mineral Resources Building 
University of Kentucky 
Lexington, KY 40506-0107 
charles.taylor@uky.edu 
 
Karstic limestones are among the most productive aquifers in the world and are important 
sources of water for many communities and citizens in Kentucky. Public water provided 
by Hardin County Water District No. 2 i s supplied in part by groundwater withdrawn 
from wells drilled into a karstic limestone aquifer near Valley Creek in Elizabethtown, 
Kentucky. Although several wells are regularly pumped and contribute to the raw water 
processed daily by the Elizabethtown water treatment plant, supply well No. 1 (W1) is 
especially productive. For example, during April 2015 a n average of 633,330 gpd was 
withdrawn from W1, or approximately 57 percent of the average daily total withdrawn 
from all wells and approximately 26 percent of the average daily total intake of raw 
water. Drilling logs from W1 and three nearby wells indicate that the karst aquifer is 
highly stratified, and downhole-camera inspection of the open-borehole observation well 
located approximately 85 ft. west of W1 revealed the presence of multiple zones of vugs, 
high-angle fractures, and bedding-plane openings modified by dissolution. A hydraulic 
conductivity value of 434 ft./day was calculated for the aquifer in the vicinity of W1, 
using the pumping test data and a leaky-confined aquifer test solution. A hydraulic 
conductivity value of 423 ft/day was calculated for the fractures and larger dissolutional 
openings, using a test solution developed for dual porosity fractured-rock aquifers, and a 
value of 7 x 10–5 ft./day was calculated for the limestone matrix. In addition to extensive 
fracturing and karstification, other hydrogeologic factors that influence groundwater 
availability in the limestone aquifer include bedrock structure, proximity of mapped 
faults, and residual deposits of unconsolidated sand and gravel.  
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